Aims Chronic obstructive pulmonary disease (COPD) and heart failure (HF) are increasingly frequent in Asia and commonly coexist in patients. However, the prevalence of COPD among Asian patients with HF and its impact on HF treatment are unclear.
Introduction
Chronic obstructive pulmonary disease (COPD) is present in approximately one-third of patients with heart failure (HF) and reduced ejection fraction (HFrEF). 1 Because of concern regarding respiratory deterioration, COPD is an important cause of underuse and underdosing of β-blockers. [1] [2] [3] [4] The mechanistic relationship between COPD and HFrEF is complex, multifactorial, and not fully understood. Hyperinflation and greater changes in intrathoracic pressure during respiration might enhance ventricular pre-load and afterload, resulting in left ventricular (LV) dysfunction and HF. 5 Despite increasing evidence that β-blockers are safe and beneficial in patients with COPD, 6, 7 they are often underused in this group worldwide. 8 The reason is most likely related to concerns that β-blockers may induce bronchospasm in COPD patients. The National Institute for Health and Care Excellence and European Society of Cardiology guidelines state that COPD is not a contraindication for the use of β-blockers, and mild deterioration in pulmonary function and symptoms should not indicate the necessity for prompt discontinuation. 9, 10 Nonetheless, low-dose initiation and gradual uptitration are recommended in the guidelines. 9, 10 In Asia, ageing populations and large increases in cardiovascular risk factors have contributed to a high burden of HF. 11 Patients with HFrEF from Asia may differ in clinical characteristics from patients elsewhere. 12, 13 The Asian Sudden Cardiac Death in Heart Failure (ASIAN-HF) registry was established to bridge the knowledge gap regarding the burden associated with chronic HF in Asian patients. In the present study, we report data on co-morbidities of Asian patients with HFrEF enrolled from 1 October 2012 to 31 December 2015, with special reference to COPD and its treatment.
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Methods
Study design
The ASIAN-HF registry was a prospective observational registry of symptomatic patients with HFrEF from 44 centres in 11 Asian regions (China, Hong Kong, India, Indonesia, Japan, South Korea, Malaysia, Philippines, Singapore, Taiwan, and Thailand) that enrolled patients between 2010 and 2015. Detailed methods have been previously published.
14 HFrEF was defined as patients >18 years of age with symptomatic HF (at least one episode of decompensated HF in the previous 6 months that resulted in a hospital admission or was treated in an outpatient clinic) and LV systolic dysfunction (ejection fraction ≤40% on baseline echocardiography).
14 Ethics approval was obtained from the local institutional review board of each participating centre, and the study complied with the Declaration of Helsinki.
For this study, patients from the ASIAN-HF registry with both HF and COPD were identified, and health data including vital signs and other diagnosed illnesses were analysed. Heart rate was measured at rest using electrocardiography. Hypertension was defined as the presence of a clinical diagnosis of hypertension (blood pressure ≥ 140/90 mmHg) or treatment with anti-hypertensive medications. Diabetes was defined as the presence of a clinical diagnosis of diabetes (fasting plasma glucose ≥ 7 mmol/L or random plasma glucose ≥ 11.1 mmol/L or HbA1C ≥ 6.5%) or treatment with anti-diabetic therapy. COPD was diagnosed in accordance with the Global Initiative for Chronic Obstructive Lung Disease criteria. 16 The usage of β-blocker was defined at first visit.
Statistical analyses
The primary analysis compared the clinical characteristics of HF patients with or without COPD in the overall cohort. Secondary analyses were conducted in a 1:2 propensitymatched cohort and the Japanese cohort separately. Propensity matching for age, sex, geographical region, income level, and ethnic group was performed to produce the matched cohort (with a ratio of COPD to non-COPD patients of 1:2). Patients were categorized on the basis of geographic region of recruitment, income level, and ethnic group, with groups defined as follows: (1 
Results
Baseline characteristics of the overall population
In the overall HFrEF cohort, 434 (8.3%) patients had a diagnosis of COPD, whereas 4798 (91.7%) did not. Table 1 shows the clinical characteristics of the groups categorized by the presence or absence of COPD. There was signification variation in the prevalence of COPD by geographical region and income level (all P < 0.05). The highest prevalence of COPD was found in Northeast Asians (11.0%), who were significantly older than patients in other areas (mean age: 62 ± 14 years vs. 58 ± 12 years in other regions), while COPD prevalence was lowest in South Asians (4.7%) ( Table S1 ). COPD was also more prevalent in high-and middle-income regions than in low-income regions ( Table S1 ). The prevalence of COPD varied widely among ethnicities, ranging from 17.0% in Filipinos to 5.2% in Indians (Table S2) . Overall, the COPD group was significantly older, had a greater severity of HF as assessed with the New York Heart Association 298 Y. Kubota et al. β-Blockers, CHF, and COPD in the ASIAN-HF registry (NYHA) classification, and had higher prevalence of renal artery stenosis and smoking than the non-COPD group (all P < 0.05). The most common presenting symptoms in the COPD group were breathlessness on exertion, orthopnoea, and paroxysmal nocturnal dyspnoea. No significant differences were found between the COPD and non-COPD groups for body mass index, ischaemic aetiology, or the prevalence of hypertension, diabetes mellitus, and atrial fibrillation/flutter or echo parameters, including LV ejection fraction, LV end diastolic volume, LV end systolic volume, and left atrium volume. The average heart rate on electrocardiogram of the COPD group (83 ± 19 b.p.m.) was significantly higher than that of the non-COPD group (81 ± 19 b.p.m.; P = 0.048). HF medications were significantly underused in the COPD group. Angiotensinconverting enzyme inhibitor (ACE-I) or angiotensin receptor blockers (ARB) were used in 70.9% and 75.8% of patients in the COPD and non-COPD groups, respectively (P = 0.028). Similarly, β-blockers were used in 66.3% and 79.9% of patients in the COPD and non-COPD groups, respectively (P < 0.001). Conversely, the use of mineralocorticoid receptor antagonists and diuretics was approximately the same between the two groups. HF device therapy (defibrillator, pacemaker, or cardiac resynchronization therapy) was more frequently employed in the COPD group than in the non-COPD group (20.1% vs. 13.8%, respectively, P < 0.001), which might be attributed to a more severe HF condition assessed by the NYHA classification in the COPD group.
Independent correlates of chronic obstructive pulmonary disease Table 2) . COPD was significantly associated with older age, high NYHA classification, renal artery stenosis, smoking, and a high average heart rate on electrocardiography. The prevalence of COPD might lead to the underuse of β-blockers in the overall cohort, but not in the Japanese cohort.
Propensity-matched and Japanese cohorts
Because of significant differences in the baseline characteristics, HFrEF patients were 1:2 matched into a COPD group (n = 410) and non-COPD group (n = 820) using propensity matching for age, sex, geographical region, income level, and ethnic group as a secondary analysis ( Table 1 ). As noted 
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Y. Kubota et al. in the overall cohort, the COPD group had a higher average heart rate and lower usage of β-blockers than the non-COPD group (83 ± 19 b.p.m. vs. 80 ± 19 b.p.m., P = 0.007; and 66.3% vs. 81.7%, P < 0.001).
Among the Japanese cohort, usage of β-blockers was remarkably high (COPD group: 95.2% vs. non-COPD group: 91.2%, P = 0.287) and the average heart rate (COPD group: 75 ± 18 b.p.m. vs. non-COPD group: 74 ± 16 b.p.m., P = 0.616) was lower than other cohort data ( Table 1) . No significant differences were found between the COPD and non-COPD groups with respect to other parameters in this cohort.
Proportion of cardioselective and non-cardioselective β-blocker treatment Table 3 shows usage of cardioselective and noncardioselective β-blocker treatment for the COPD and non-COPD groups. In all cohorts, the non-COPD group had a higher usage of carvedilol, a non-cardioselective β-blocker, than the COPD group. Whereas in the overall cohort and 1:2 matched cohort, cardioselective β-blockers were used equally in the COPD and non-COPD groups, in the Japanese cohort, the usage of cardioselective β-blockers was twofold higher in the COPD group as compared with the non-COPD group.
Discussion
This analysis of the multi-national ASIAN-HF registry shows that a history of COPD was present in only 8.3% of the overall cohort, with significant variation in geography, regional income level, and ethnicity. The COPD group was significantly older, had higher NYHA classification scores, had higher average heart rate, and had a greater rate of HF device therapy than the non-COPD group in the overall and matched cohorts. Furthermore, β-blockers were significantly underused β-Blockers, CHF, and COPD in the ASIAN-HF registry in the COPD group when compared with the non-COPD group in both the overall and propensity-matched cohorts. COPD was significantly correlated with the lower usage of β-blockers in the overall and matched cohorts, but not in the Japanese cohort. The presence of COPD influenced the use of cardioselective β-blockers in the Japanese cohort, with usage being twofold higher in COPD patients than in non-COPD patients.
The high prevalence of smoking, coupled with an ageing population, threatens to further increase the burden of COPD. In addition, a previous report in Japan suggested that COPD is underdiagnosed. 17 The ASIAN-HF registry found a lower rate of COPD diagnosis in the HF cohort than in other studies such as the Acute Decompensated Heart Failure National Registry 18 (27%), Get with the Guidelines registry 19 (26.7%), United States Veterans 20 (26.6%), and Olmsted County 21 (30%). Whether COPD is being underdiagnosed in these countries is unclear, but the findings suggest the need for enhanced screening efforts for COPD in Asians with HF.
COPD is a systemic inflammatory disease characterized by airflow limitation that is not fully reversible. 22 Up to one-third of all deaths in patients with COPD can be attributed to cardiovascular disease, and for every 10% decrease in the forced expiratory volume in 1 s, the risk of cardiovascular mortality reportedly increases by 28%. 23 COPD is a key cause of β-blocker underuse, largely owing to concerns regarding the precipitation of respiratory deterioration in HF patients. 4 Indeed, results from this contemporary study of the ASIAN-HF registry showed significant underuse of β-blockers in HF patients with COPD compared with those without COPD. Furthermore, the mean heart rate of COPD patients was significantly higher than that of non-COPD patients. It is also possible that the relatively high heart rate observed in the COPD group was reflective of increased HF severity, as indicated by more severe NYHA classification relative to the non-COPD group. Importantly, heart rate is directly related to overall risk of death, risk of cardiovascular death, and hospitalization risk in patients with HF, 24 while heart rate reduction is associated with improved outcomes. 25 In the past, β-blockers were thought to be potentially harmful in patients with COPD. However, several recent studies have demonstrated significant benefits of the use of β-blockers in COPD patients. 26, 27 One of these studies showed that β-blockers might reduce the risk of mortality and respiratory exacerbation in patients with COPD. 26 Similarly, a systematic review and meta-analysis of nine retrospective cohort studies reported a reduction in COPD-related mortality of 31% with β-blocker use. 28 Another study clearly demonstrated the safety of β-blockers during COPD exacerbation. 8 Furthermore, the use of β-blockers when started either at the time of hospital admission for myocardial infarction or before myocardial infarction has been shown to be associated with improved survival after myocardial infarction in patients with COPD. 29 We have also reported on the effectiveness of β-blockers in Japanese HF patients with COPD. 30 The ACE-I or ARB was significantly underused in the COPD group in the overall cohort. The use of ACE-I or ARB might be influenced by the discretion of the treating physicians, because the renal artery stenosis was significantly higher in the COPD group than in the non-COPD group.
Evaluating prospective multi-national data from the ASIAN-HF registry has shown the important influence of both ethnicity and regional income level on the characteristics of HF patients with COPD. Our data suggest that the very high use of β-blockers in Japanese HFrEF patients with COPD shows that these agents may be used safely in Asian patients with these two conditions. Further studies should evaluate long-term data from the ASIAN-HF registry for patients with COPD.
Study limitations
Several limitations associated with the present study warrant consideration. These baseline registry data were crosssectional in nature, and we were unable to exclude the possibility of selection bias. Bias is inevitable in the selection of sites in each region, and the willingness of patients to participate in a prospective protocol influences enrolment. In previous objective data on the prevalence of COPD in Asia, the COPD prevalence rates were 6.3%. 31 According to the Global Burden of Disease Study, not only each region but also multi-ethnicity in the same country influenced the prevalence rates of COPD. 32 Our results may therefore still underestimate the true burden of HF with COPD in Asia. Furthermore, the use of β-blockers was left to the discretion of the treating physicians in each nation, and the β-blocker doses and COPD grades were unclear. The usage rate of β-blockers in each region might be influenced by different understanding of the safety and usefulness of the β-blockers. This study cohort comprised only HFrEF patients in the ASIAN-HF registry. Owing to the specificity of this population, β-blockers should be considered as standard therapy. However, in patients with severe COPD, low-dose initiation and gradual uptitration are recommended. In the overall cohort, the number of patients with COPD was relatively small. We therefore confirmed the results observed in the overall cohort using the propensity-matched cohort as a way of minimizing confounding factors. It is noted that the prevalence of COPD in the Japanese cohort was low.
Conclusions
In the Asian HF registry, COPD prevalence showed significant variation according to geography, regional income level, and 
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